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 1XPHULFDODQDO\VLV
%RXQGDU\FRQGLWLRQV
)RU WKLV VWXG\ WKH ERXQGDU\ FRQGLWLRQV XVHG LQFOXGH  D QRQXQLIRUP KHDW IOX[ RQ WKH DEVRUEHU
WXEH¶V RXWHU ZDOO 7KH KHDW IOX[ LV REWDLQHG XVLQJ D 0RQWH&DUOR UD\ WUDFLQJ SURFHGXUH XVLQJ
6RO7UDFH>@7KHUHVXOWLQJKHDWIOX[SURILOHVXVHGDUHVLPLODUWRWKRVHXVHGLQ0ZHVLJ\HHWDO>@7KH
ULPDQJOHXVHGLVRDQGWKHDSHUWXUHZLGWKLVPRUDJHRPHWULFFRQFHQWUDWLRQUDWLR&5RI$GLUHFW
QRUPDOLUUDGLDQFH'1,RI:PZDVDVVXPHGWKURXJKRXWWKLVZRUN7KHFROOHFWRULVDVVXPHGWR
EHRISHUIHFWDOLJQPHQWDQGSHUIHFWVKDSHWKXVQHJOLJLEOHVSHFXODUDQGVORSHHUURUV9HORFLW\LQOHWDQG
SUHVVXUH RXWOHW ERXQGDU\ FRQGLWLRQV ZHUH XVHG IRU WKH DEVRUEHU WXEH¶V LQOHW DQG RXWOHW UHVSHFWLYHO\ DV
VKRZQ LQ)LJD 1RVOLSDQGQRSHQHWUDWLRQERXQGDU\FRQGLWLRQVZHUHVSHFLILHG IRU WKHDEVRUEHU
WXEHDQGJODVVFRYHUZDOOV7KHUHLVQRIORZLQWKHUHFHLYHU¶VDQQXOXVVSDFHWKHUHIRUHIRUWKHLQOHWDQG
RXWOHW RI WKH UHFHLYHU¶V DQQXOXV VSDFH D V\PPHWU\ ERXQGDU\ FRQGLWLRQ ZDV XVHG VXFK WKDW WKH QRUPDO
JUDGLHQWVRIDOOIORZYDULDEOHVDUH]HUR$PL[HGERXQGDU\FRQGLWLRQZDVXVHGRQWKHRXWHUZDOORIWKH
JODVV FRYHU WR DFFRXQW IRU ERWK UDGLDWLRQ DQG FRQYHFWLRQ KHDW WUDQVIHU 6WHIDQ %ROW]PDQQ¶V ODZ JLYHV
UDGLDWLRQ EHWZHHQ WKH JODVV FRYHU DQG WKH VN\ &RQYHFWLRQ KHDW WUDQVIHU IURP WKH UHFHLYHU¶V JODVV ZDV
PRGHOOHGE\VSHFLI\LQJDFRQYHFWLRQKHDW WUDQVIHUFRHIILFLHQWDQGIUHHVWUHDPWHPSHUDWXUH7KHGHWDLOHG
HTXDWLRQV IRU WKH FRQYHFWLRQ KHDW WUDQVIHU FRHIILFLHQW DQG VN\ WHPSHUDWXUH DUH SUHVHQWHG LQ SUHYLRXV
VWXGLHV>@7KHDPELHQWWHPSHUDWXUHXVHGZDVPDLQWDLQHGDW.DQGWKHZLQGVSHHGZDVIL[HGDW
PV7DEOHVKRZVWKHVXPPDU\RIWKHVLPXODWLRQSDUDPHWHUVXVHGLQWKLVVWXG\
7DEOH6LPXODWLRQSDUDPHWHUVXVHGLQWKLVVWXG\
3DUDPHWHU 9DOXH 3DUDPHWHU 9DOXH
D P GUL P
/ P GUR P
ࣵ  ĲJ 
ĳU R Į 
&5  ׋ 
7LQOHW ±. 7DPE .
1XPHULFDOSURFHGXUH
7KH IORZ LQVLGH WKH UHFHLYHU¶V DEVRUEHU WXEH LV WXUEXOHQW 7KHUHIRUH WKH VROXWLRQ ZDV REWDLQHG
QXPHULFDOO\E\VROYLQJWKH5H\QROGVDYHUDJHG1DYLHU6WRNHVHTXDWLRQVWRJHWKHUZLWKWKH5HDOLVDEOHNİ
PRGHO >@ IRU WXUEXOHQFH FORVXUH 7KH GLVFUHWH RUGLQDWHVPRGHO ZDV XVHG WRPRGHO WKH UDGLDWLRQ KHDW
WUDQVIHULQWKHUHFHLYHU¶VDQQXOXVVSDFH
$OO WKH QXPHULFDO PRGHOOLQJ ZDV LPSOHPHQWHG LQ $16<6  7KH SURFHGXUH LQFOXGHV WKH
PRGHOOLQJ RI WKH JHRPHWU\ RI WKH UHFHLYHU LQ $16<6 GHVLJQ PRGHOOHU WKH GLVFUHWLVDWLRQ RI WKH
FRPSXWDWLRQDOGRPDLQXVLQJ$16<6PHVKLQJDQGVROXWLRQRIWKHJRYHUQLQJHTXDWLRQVWRJHWKHUZLWKWKH
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ERXQGDU\ FRQGLWLRQV XVLQJ $16<6 )OXHQW >@ 6HFRQG RUGHU XSZLQG VFKHPHV ZHUH HPSOR\HG IRU
LQWHJUDWLQJ WKH JRYHUQLQJ HTXDWLRQV WRJHWKHU ZLWK WKH ERXQGDU\ FRQGLWLRQV RYHU WKH FRPSXWDWLRQDO
GRPDLQ)RUSUHVVXUHDQGYHORFLW\FRXSOLQJ WKH6,03/(DOJRULWKPZDVXVHG7RFDSWXUH WKHQHDUZDOO
JUDGLHQWVWKHGLPHQVLRQOHVVZDOOFRRUGLQDWH\RIDERXWZDVHQVXUHGLQDOOVLPXODWLRQV)RUWKHVHORZ
YDOXHV RI \ WKH HQKDQFHG ZDOO WUHDWPHQW RSWLRQ ZDV XVHG IRU PRGHOOLQJ WKH QHDUZDOO UHJLRQV
&RQYHUJHQFHZDV REWDLQHGZLWK VFDOHG UHVLGXDOV RIPDVVPRPHQWXP WXUEXOHQW NLQHWLF HQHUJ\ N DQG
WXUEXOHQFHGLVVLSDWLRQUDWHİOHVVWKDQZKLOHWKHHQHUJ\UHVLGXDOVZHUHOHVVWKDQ6ROXWLRQZDV
WDNHQWREHIXOO\FRQYHUJHGZKHQWKHFRQYHUJHQFHKLVWRU\RIWKHKHDWWUDQVIHUUDWHUHFHLYHUKHDWORVVDQG
HQWURS\JHQHUDWLRQFHDVHGFKDQJLQJIRUPRUHWKDQVXFFHVVLYHLWHUDWLRQV
 5HVXOWVDQGGLVFXVVLRQV
9DOLGDWLRQRIWKHQXPHULFDOPRGHOV
7KHQXPHULFDO UHVXOWVREWDLQHG LQ WKLVVWXG\ZHUHYDOLGDWHGDJDLQVWH[SHULPHQWDOGDWDDQGDQDO\WLFDO
VROXWLRQVDYDLODEOHLQOLWHUDWXUH7KHYDOLGDWLRQRIWKHUHFHLYHUPRGHOWKHUD\WUDFHUHVXOWVDUHSUHVHQWHGLQ
DQHDUOLHUVWXG\>@DQGWKHHQWURS\JHQHUDWLRQPRGHOZDVDOVRYDOLGDWHGLQSUHYLRXVVWXGLHV>@,QDOO
FDVHVWKHUHZDVH[FHOOHQWDJUHHPHQWZLWKDYDLODEOHGDWD
7KHUPDOSHUIRUPDQFH
7KH WKHUPDOSHUIRUPDQFHRI WKH UHFHLYHUFDQEHSUHVHQWHG LQ WHUPVRI WKH UHFHLYHU WKHUPDO ORVV WKH
FROOHFWRUWKHUPDOHIILFLHQF\DQGDOVRWKHKHDWWUDQVIHUFRHIILFLHQW,QGHWHUPLQLQJWKHWKHUPDOHIILFLHQF\
SXPSLQJSRZHULVLQFOXGHGLQWKHWKHUPDOHIILFLHQF\HTXDWLRQWRFDWHUIRULQFUHDVHLQSXPSLQJSRZHUZLWK
LQFOXVLRQ RI QDQRSDUWLFOHV $V VXFK WKH WKHUPDO HIILFLHQF\ LV JLYHQ E\    WK X S HO E FT : , $K K    7KH
HOHFWULFDO HIILFLHQF\ RI WKH SRZHU EORFNȘHOZDV WDNHQ DV  >@ WKH XVHIXO KHDW JDLQ LV JLYHQ E\
 X S RXWOHW LQOHWT PF 7 7   DQGWKHSXPSLQJSRZHULVJLYHQE\ S: 9 3 '  
)LJDVKRZVWKHKHDWWUDQVIHUFRHIILFLHQWDVDIXQFWLRQRI5H\QROGVQXPEHUDQGQDQRSDUWLFOHYROXPH
IUDFWLRQDWDWHPSHUDWXUHRI.$WDJLYHQ5H\QROGVQXPEHUWKHKHDWWUDQVIHUFRHIILFLHQWLVVKRZQWR
LQFUHDVHDVQDQRSDUWLFOHYROXPHIUDFWLRQ LQFUHDVHVDVH[SHFWHG)RU WKH UDQJHRISDUDPHWHUVFRQVLGHUHG
WKHKHDWWUDQVIHUSHUIRUPDQFHLQFUHDVHVE\XSWRDVWKHYROXPHIUDFWLRQLQFUHDVHVIURP±)LJ
E VKRZV WKH UHFHLYHU WKHUPDO ORVV DV D IXQFWLRQ RI 5H\QROGV QXPEHU DQG YROXPH IUDFWLRQ DW D
WHPSHUDWXUHRI.$VVKRZQLQWKLVILJXUHWKHUHFHLYHUWKHUPDOORVVGHFUHDVHVDVWKHYROXPHIUDFWLRQ
LQFUHDVHV7KLV LVPRVWO\DW ORZYDOXHVRI5H\QROGV QXPEHUVRU IORZ UDWHV$W ORZYDOXHVRI5H\QROGV
QXPEHUVWKHDEVRUEHUWXEHWHPSHUDWXUHVDUHKLJKHUDQGKHDWWUDQVIHUSHUIRUPDQFHLVORZWKXVWKHXVHRI
QDQRIOXLGV OHDGV WR LPSURYHGKHDW WUDQVIHU SHUIRUPDQFH DQG UHGXFHG DEVRUEHU WXEH WHPSHUDWXUHVZKLFK
OHDGVWRUHGXFHGUDGLDWLRQORVVIURPWKHUHFHLYHU¶VDEVRUEHUWXEH
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)LJD+HDWWUDQVIHUSHUIRUPDQFHDVDIXQFWLRQRI
5H\QROGVQXPEHUDQGQDQRSDUWLFOHYROXPH
IUDFWLRQDWDQLQOHWWHPSHUDWXUHRI.
E5HFHLYHUWKHUPDOORVVDVDIXQFWLRQRI5H\QROGV
QXPEHUDQGQDQRSDUWLFOHYROXPHIUDFWLRQDWDQLQOHW
WHPSHUDWXUHRI.
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)LJDDQGEVKRZVWKHYDULDWLRQRIWKHWKHUPDOHIILFLHQF\DVDIXQFWLRQRI5H\QROGVQXPEHUDQG
QDQRSDUWLFOH YROXPH IUDFWLRQ DW LQOHW WHPSHUDWXUHV RI . DQG . UHVSHFWLYHO\ $V VKRZQ LQ WKH
ILJXUHV WKH YDULDWLRQ RI WKH WKHUPDO HIILFLHQF\ GHSHQGV RQ WKH LQOHW WHPSHUDWXUH RI WKH IOXLG $W ORZ
WHPSHUDWXUHV WKH WKHUPDO HIILFLHQF\ FRQWLQXRXVO\ UHGXFHV DV WKH 5H\QROGV QXPEHU LQFUHDVHV $V
WHPSHUDWXUHV LQFUHDVH WKH WUHQG RI WKH 5H\QROGV QXPEHU FKDQJHV LW LQFUHDVHV DQG DWWDLQV DPD[LPXP
YDOXHDWVRPH5H\QROGVQXPEHUDQGGHFUHDVHVDJDLQ7KLVLVSUREDEO\EHFDXVHDWORZWHPSHUDWXUHVWKH
DEVRUEHUWXEHWHPSHUDWXUHVDUHORZDQGWKHUHIRUHUHFHLYHUWKHUPDOORVVLVORZVRWKDWLQFUHDVLQJWKHIORZ
UDWHVGRHVQRWVLJQLILFDQWO\DIIHFWWKHUHFHLYHUWKHUPDOORVVDQGWKHUPDOSHUIRUPDQFH+RZHYHUVLQFHWKH
IOXLG LV GHQVHU DQG PRUH YLVFRXV DW ORZ WHPSHUDWXUHV LQFUHDVLQJ WKH IORZ UDWHV GHFUHDVHV WKH WKHUPDO
HIILFLHQF\GXHWRLQFUHDVHGSXPSLQJSRZHU$VWHPSHUDWXUHVLQFUHDVHDEVRUEHUWXEHWHPSHUDWXUHVDVZHOO
DVUHFHLYHUUDGLDWLRQORVVHVLQFUHDVH$VVXFKLQFUHDVLQJIORZUDWHVUHGXFHWKHDEVRUEHUWXEHWHPSHUDWXUHV
DQGWKXVUDGLDWLRQORVVHVWKHUHE\LQFUHDVLQJUHFHLYHUWKHUPDOHIILFLHQF\$IXUWKHULQFUHDVHLQIORZUDWHV
OHDGVWRPXFKKLJKHUSXPSLQJSRZHUUHTXLUHPHQWVDQGWKHHIILFLHQF\GHFUHDVHV
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)LJD7KHUPDOHIILFLHQF\DVDIXQFWLRQRI5H\QROGV
QXPEHUDQGQDQRSDUWLFOHYROXPHIUDFWLRQDWDQ
LQOHWWHPSHUDWXUHRI.
E 7KHUPDO HIILFLHQF\ DV D IXQFWLRQ RI 5H\QROGV
QXPEHU DQG QDQRSDUWLFOH YROXPH IUDFWLRQ DW DQ
LQOHWWHPSHUDWXUHRI.
$FFRUGLQJO\ WKH XVH RI QDQRIOXLGV LV VKRZQ WR EH YLDEOH DW ORZ YDOXHV RI IOXLG WHPSHUDWXUHV DQG
5H\QROGVQXPEHUVZKHUHKHDW WUDQVIHUSHUIRUPDQFHLVXVXDOO\ORZ$WWKHORZHVW5H\QROGVQXPEHUDQG
DQ LQOHW WHPSHUDWXUH RI . WKH WKHUPDO HIILFLHQF\ LQFUHDVHV E\ DVPXFK DV  DV WKH QDQRSDUWLFOH
YROXPH IUDFWLRQ LQFUHDVHV IURPWR$V WKH5H\QROGVQXPEHUVDQGYROXPH IUDFWLRQ LQFUHDVH WKH
UHTXLUHGSXPSLQJSRZHUDOVRLQFUHDVHVDQGUHGXFHVWKHWKHUPDOHIILFLHQF\)XUWKHULQFUHDVHLQ5H\QROGV
QXPEHUDQGYROXPHIUDFWLRQUHGXFHVWKHWKHUPDOHIILFLHQF\WRYDOXHVORZHUWKDQWKRVHRIDUHFHLYHUZLWK
RQO\ WKH EDVH IOXLG $FFRUGLQJO\ VLJQLILFDQW LPSURYHPHQWV LQ HIILFLHQF\ DUH DFKLHYDEOH DW IORZ UDWHV
ORZHUWKDQPKIRUPRVWRIWKHWHPSHUDWXUHVFRQVLGHUHG7KHKLJKHVWLQFUHDVHLQHIILFLHQF\EHLQJDW
WKH ORZHVW IORZ UDWH RI  PK DQG ORZHVW WHPSHUDWXUH FRQVLGHUHG LQ WKLV VWXG\ 7KH LQFUHDVH LQ
HIILFLHQF\ LV DWWULEXWHG WR LQFUHDVHG KHDW WUDQVIHU SHUIRUPDQFH DQG UHGXFHG DEVRUEHU WXEH WHPSHUDWXUHV
ZKLFKOHDGWRORZHUWKHUPDOORVVHV
7KHUPRG\QDPLFSHUIRUPDQFH
5HJDUGLQJ WKHUPRG\QDPLF SHUIRUPDQFH WKH XVH RI QDQRIOXLGV LQ WKH UHFHLYHU VKRXOG QRW UHVXOW LQ
KLJKHU HQWURS\ JHQHUDWLRQ UDWHV FRPSDUHG WR ZKHQ RQO\ WKH EDVH IOXLG LV XVHG 8VLQJ WKH PHWKRG IRU
GHWHUPLQLQJHQWURS\JHQHUDWLRQGHVFULEHGLQHDUOLHUVWXGLHV>@HQWURS\JHQHUDWLRQGXHWRKHDWWUDQVIHU
DQGIOXLGIULFWLRQLVREWDLQHGDQGSUHVHQWHG$VVKRZQLQ)LJDDWWKHIORZUDWHRIPKDQGLQOHW
WHPSHUDWXUHVUDQJLQJIURP..WKHHQWURS\JHQHUDWLRQUDWHVLQ WKHUHFHLYHUDUHUHGXFHGZLWK
WKHXVHRIQDQRIOXLGV ,W VKRXOGEHQRWHG WKDWDWDJLYHQIORZUDWH WKH5H\QROGVQXPEHU LQFUHDVHVZLWK
WHPSHUDWXUH VLQFH WKH IOXLG SURSHUWLHV DUH WHPSHUDWXUH GHSHQGHQW 7KH HQWURS\ JHQHUDWLRQ UDWH LV DOVR
VKRZQWRUHGXFHDVWKHQDQRSDUWLFOHYROXPHIUDFWLRQLQFUHDVHVGXHWRLPSURYHGKHDWWUDQVIHUSHUIRUPDQFH
$W ORZIORZUDWHV WKHKHDW WUDQVIHU LUUHYHUVLELOLWLHVDUHGRPLQDQWDQGXVLQJQDQRIOXLGLPSURYHVUHFHLYHU
KHDW WUDQVIHU SHUIRUPDQFH WKXV UHGXFLQJ WKH KHDW WUDQVIHU LUUHYHUVLELOLWLHV )LJ  E VKRZV WKH HQWURS\
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JHQHUDWLRQ DV D IXQFWLRQ RI 5H\QROGV QXPEHU DQG QDQRSDUWLFOH YROXPH IUDFWLRQ DV VKRZQ WKH XVH RI
QDQRIOXLGV LPSURYHV WKH WKHUPRG\QDPLF SHUIRUPDQFH DW ORZ 5H\QROGV QXPEHUV $V WKH 5H\QROGV
QXPEHUVLQFUHDVHDQGEHFRPHODUJHUWKDQVRPHYDOXHDWDJLYHQYROXPHIUDFWLRQWKHHQWURS\JHQHUDWLRQ
EHFRPHV PRUH WKDQ WKDW LQ D UHFHLYHU ZLWK RQO\ WKH EDVH IOXLG DQG PDNHV WKH XVH RI QDQRIOXLGV
WKHUPRG\QDPLFDOO\XVHOHVV7KLV LVEHFDXVHDWKLJK5H\QROGVQXPEHUV WKHKHDW WUDQVIHU LUUHYHUVLELOLWLHV
DUH VLJQLILFDQWO\ UHGXFHGZKLOH WKH IOXLG IULFWLRQ LUUHYHUVLELOLWLHV DUH LQFUHDVHG VLJQLILFDQWO\DQGEHFRPH
WKHGRPLQDQWVRXUFHRILUUHYHUVLELOLW\7KH5H\QROGVQXPEHUEH\RQGZKLFKWKHXVHRIQDQRIOXLGVGRHVQRW
PDNHWKHUPRG\QDPLFVHQVHLVVKRZQWRUHGXFHDVWKHQDQRSDUWLFOHYROXPHIUDFWLRQLQFUHDVHV
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)LJD(QWURS\JHQHUDWLRQLQWKHUHFHLYHUDVDIXQFWLRQ
RI5H\QROGVQXPEHUDQGYROXPHIUDFWLRQDWD
IORZUDWHRIPKIRU..
F (QWURS\JHQHUDWLRQLQWKHUHFHLYHUDVDIXQFWLRQRI
5H\QROGVQXPEHUDQGYROXPHIUDFWLRQDWDQLQOHW
WHPSHUDWXUHRI.
 &RQFOXVLRQ
,QWKLVZRUNDQXPHULFDOVWXG\RQWKHWKHUPDODQGWKHUPRG\QDPLFSHUIRUPDQFHRIDSDUDEROLFWURXJK
UHFHLYHU XVLQJ 6\OWKHUP$O2 QDQRIOXLGV LV SUHVHQWHG )URP WKH VWXG\ LW LV VKRZQ WKDW WKH XVH RI
QDQRIOXLGVLPSURYHVWKHWKHUPDODQGWKHUPRG\QDPLFSHUIRUPDQFHRIWKHUHFHLYHUIRUVRPHUDQJHRIIORZ
UDWHVRU5H\QROGVQXPEHUVDWDJLYHQIOXLGWHPSHUDWXUH7KHKHDWWUDQVIHUSHUIRUPDQFHLQFUHDVHVE\XS
WRWKHFROOHFWRUWKHUPDOHIILFLHQF\LQFUHDVHVXSWRIRUIORZUDWHVORZHUWKDQPKIRUPRVW
IOXLGWHPSHUDWXUHVFRQVLGHUHG)URPWKHWKHUPRG\QDPLFDQDO\VLV LWZDVVKRZQWKDW WKHUHLVD5H\QROGV
QXPEHU EH\RQG ZKLFK XVH RI QDQRIOXLGV GHWHULRUDWHV WKH WKHUPRG\QDPLF SHUIRUPDQFH RI WKH UHFHLYHU
VLQFHWKHHQWURS\JHQHUDWLRQUDWHVEHFRPHKLJKHUWKDQWKRVHLQUHFHLYHUVXVLQJRQO\WKHEDVHIOXLG
 &RS\ULJKW
$XWKRUVNHHSIXOOFRS\ULJKWRYHUSDSHUVSXEOLVKHGLQ(QHUJ\3URFHGLD

$FNQRZOHGJHPHQWV
7KH DXWKRUV DFNQRZOHGJH WKH VXSSRUW UHFHLYHG IURP WKH )DFXOW\ RI (QJLQHHULQJ DQG WKH %XLOW
(QYLURQPHQW DW 7VKZDQH8QLYHUVLW\ RI 7HFKQRORJ\ 7KH IXQGLQJ UHFHLYHG IURP WKH1DWLRQDO5HVHDUFK
)RXQGDWLRQ15)LVDOVRGXO\DFNQRZOHGJHGDQGDSSUHFLDWHG
5HIHUHQFHV
>@3ULFH+/SIHUW(.HDUQH\'=DU]D(&RKHQ**HH50DKRQH\5$GYDQFHVLQSDUDEROLFWURXJKVRODUSRZHUWHFKQRORJ\
6RO(QHUJ\(QJ
>@ 6XQ6KRW ,QLWLDWLYH+LJK&RQFHQWUDWLRQ /RZ &RVW 3DUDEROLF 7URXJK 6\VWHP IRU %DVHORDG &63 DYDLODEOH DW
KWWSZZZHHUHHQHUJ\JRYVRODUVXQVKRWFVSBEDVHORDGBVN\IXHOKWPOY>ODVWDFFHVVHG@
>@6FKZHLW]HU$6FKLHO:%LUNOH01DYD35LIIHOPDQQ.-:RKOIDKUW$.XKOPDQQ*8/7,0$7(7528*+)DEULFDWLRQ
HUHFWLRQDQGFRPPLVVLRQLQJRIWKHZRUOG
VODUJHVWSDUDEROLFWURXJKFROOHFWRU(QHUJ\3URFHGLD
>@%XUNKROGHU).XWVFKHU&+HDW ORVV WHVWLQJRI6FKRWW
V375SDUDEROLFWURXJKUHFHLYHU15(/7HFKQLFDO UHSRUW
15(/73
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
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:LOH\,QWHUVFLHQFH
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7KHUPRG\QDPLFV-XO\0DOWDSS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
%LRJUDSK\
$JJUH\0ZHVLJ\HLVFXUUHQWO\D3K'VWXGHQWDWWKH8QLYHUVLW\RI3UHWRULDDQGD/HFWXUHULQWKH
GHSDUWPHQW RI 0HFKDQLFDO (QJLQHHULQJ DW 7VKZDQH 8QLYHUVLW\ RI 7HFKQRORJ\ +LV DUHDV RI
LQWHUHVW DUH UHQHZDEOH DQG VXVWDLQDEOH HQHUJ\ FRPSXWDWLRQDO IOXLG G\QDPLFV HQWURS\
JHQHUDWLRQPLQLPL]DWLRQH[HUJ\DQDO\VLVKHDWWUDQVIHUHQKDQFHPHQWDQGWKHUPRG\QDPLFV
